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Abstract 
The study investigated the effects of surface electrical stimulation on voice production. Forty 
healthy and non-dysphonic participants were randomly assigned into two gender-balanced 
groups (the stimulation and the control groups). The participants received 30 minutes 
continuous surface electrical stimulation. Pre- and post- stimulation MPT and highest 
attainable pitch, and mean fundamental frequencies with and without stimulation were 
measured and analyzed. The results showed that MPT and highest attainable pitch did not 
change significantly after stimulation, and the mean fundamental frequencies with stimulation 
were not significantly different from that without stimulation. In summary, surface electrical 
stimulation has no or limited effect on voice production of non-dysphonic adults. 
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Effects of surface electrical stimulation on voice production in non-dysphonic adults 
 Surface electrical stimulation, which uses pairs of electrodes placed at the anterior neck 
regions to supply electro-stimulation, has recently been widely used in treatment for 
swallowing disorders (Freed et al., 2001; Leelamanit, Limsakul & Geater, 2002). However, its 
use in voice therapy was limited. The American Speech-Language and Hearing Association’s 
special interest Division 3 Voice and Voice Disorders has drafted a document stating that there 
are no recent clinical outcome studies that are conclusive and valid for the electrical 
stimulation as a voice therapy (American Speech-Language and Hearing Association, as cited 
in Gilman & Gilman, 2008). 
 LaGorio, Carnaby-Mann and Crary (2008) showed the possible outcomes of surface 
electrical stimulation on vocal function in a study aiming to explore cross-system effects of 
dysphagia treatment on dysphonia. The investigators reported a case study of a 74-year old 
male with dysphagia after chemo-radiation therapy for tongue carcinoma. The subject 
received a 15-day dysphagia therapy which included a swallowing exercise program 
involving effortful swallow and surface electrical stimulation over the larynx delivering via 
the VitalStim® (Chattanooga Group, Hixson, TN). On treatment day five, it was noted that 
the subject’s perceptual voice quality changed. Acoustic measurements of voice including 
maximum phonation time (MPT), pitch range (highest and lowest attainable pitch) and 
habitual pitch of the subject were analyzed. All the endoscopic, perceptual and instrumental 
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vocal results supported that the voice function of the subject improved in conjunction with the 
improvement in swallowing function although the subject received a dysphagia therapy 
program. Among the instrumental results, significant main effects were noted in both the MPT 
and the highest attainable pitch. No significant main effects were observed for lowest 
attainable pitch. Post hoc analysis showed that both MPT and highest attainable pitch 
increased significantly from session 6 to session 11 and maintained through for at least 
one-month after therapy.  
LaGorio, Carnaby-Mann and Crary interpreted the results that the effortful swallowing 
exercise paired with surface electrical stimulation over the larynx may result in improved 
laryngeal function, with the former prolonging elevation of the larynx (Bulow, Olsson & 
Ekberg, 1999) and the latter facilitating contraction of the superficial cricothyroid muscles 
which resulted in increased vocal fold tension and improved glottal closure.  
In another study, Hapner et al. (2008), however, found surface electrical stimulation 
(specifically the VitalStim®) has no direct effect on vocal fold closure. Their study indirectly 
estimated the vocal fold closure by obtaining three ratios of amplitudes of harmonics and 
formants (the first harmonic to second harmonic; the first harmonic to the first formant; the 
first harmonic to the third formant). The three ratios varied widely across participants and 
there was no significant difference between pre- and post-stimulation. 
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The contradicting results of LaGorio et al. (2008) and Hapner et al. (2008) raised a 
special interest in this study while little physiological effects of surface electrical stimulation 
on neck muscles or swallowing can be concluded. From the study of LaGorio et al (2008), 
both MPT and highest attainable pitch increased significantly across sessions and maintained 
for at least one-month. Since the subject received a treatment program including surface 
electrical stimulation and effortful swallowing exercise, it is difficult to determine the effects 
of the treatment program on voice were due to either, or both of the two treatment 
components. Moreover, the study was a case study in which the results cannot be generalized 
to the population and no association or causality can be demonstrated by the study. 
Spontaneous recovery and placebo effects, for instance, can be the other factors causing 
improvement in voice in this study. Another major flaw about this study is the choice of 
statistical analysis. They used a repeated measure ANOVA despite this was a case study which 
provided no subject variance for analysis. 
The present study was an extension of LaGorio’s study. The first objective of the present 
study was to examine the effects of surface electrical stimulation at neck regions on voice 
acoustic measurements. The measures included the highest attainable pitch and MPT. The 
changes in the highest attainable pitch and MPT before and after surface electrical stimulation 
was applied on the neck region were analyzed respectively. It was hypothesized that the 
highest attainable pitch and MPT increased after surface electrical stimulation in normal 
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non-dysphonic subjects.  
If significant difference was found in highest attainable pitch and MPT before and after 
stimulation, the overall improvement in laryngeal function after stimulation could be 
proposed to be the reason for the improvement in these two measurements. Improvement in 
vocal fold closure would not be suggested to be the reason for improvement in highest 
attainable pitch and MPT because Hapner et al. (2008) found that surface electrical 
stimulation did not have a direct effect on vocal fold closure. If no significant difference in 
highest attainable pitch and MPT were found after stimulation, one possible explanation was 
that the voice function of normal adult subjects had reached plateau in which they show no 
voice change to stimulation. 
Apart from causing changes in highest attainable pitch and MPT as found in LaGorio et 
al. (2008), surface electrical stimulation was reported to cause motoric effects in larynx 
(Ludlow et al., 2006). The authors found in their study that when the stimulation was applied 
at rest, hyoid bone moved downward only when stimulation at maximum tolerance level was 
applied at the specific electrode placement used in the study. However, there were limitations 
of this study, including limited sample size (only 11 participants with chronic dysphagia) and 
limited electrodes placements (only one type of bipolar electrode placement at submandibular 
and laryngeal regions).  
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Due to the limitations in Ludlow’s study (2006), in another study by Humbert et al. 
(2006), the authors aimed to determine whether different electrodes placements caused 
different hyoid bone movements. The investigators applied surface electrical stimulation in 29 
subjects, each subject received ten electrodes placements overlying the submental and 
laryngeal regions. Maximum tolerance levels of stimulation were applied at rest and during 
swallowing while hyoid bone and subglottic air column movements were measured from 
videofluoroscopic recordings. The results supported that surface electrical stimulation caused 
significant reduction in hyoid bone movement at rest and the subjects were not able to 
overcome this larynx depression during swallowing when the electrode placements involved 
the laryngeal regions (regions below the hyoid bone). On the other hand, when the electrodes 
were only placed in the submental region (regions above the hyoid bone), no significant hyoid 
descent or elevation was produced. 
Based on the findings of Ludlow et al. (2006) and Humbert, et al. (2006), hyoid bone 
moved downward when surface electrical stimulation was applied over the laryngeal regions 
(regions below the hyoid bone) at maximum tolerance level because the more superficial 
omohyoid and sternohyoid muscles, which descend hyoid bone, were activated. It was 
hypothesized that the fundamental frequencies of the phonating subjects would decrease in 
response to this hyoid bone movement. When the hyoid bone was pulled downward by 
omohyoid and sternohyoid muscles, the thyroid cartilage would be pulled up and distanced 
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from the cricoid, inducing shortening of the vocal folds so that the fundamental frequencies of 
voice would be decreased (Seikel, King, & Drumright, 2005). The second objective of the 
present study would be to examine the effect of surface electrical stimulation on fundamental 
frequencies during phonation. Only electrode placements at the laryngeal regions would be 
used in the present study because Humbert et al. (2006) concluded that electrode placements 
in the submental regions could not cause significant hyoid descent. 
The present study aimed to determine 1) the changes in two voice acoustic 
measurements (MPT and highest attainable pitch) before and after surface electrical 
stimulation was applied, and 2) the effects of surface electrical stimulation on phonating 
fundamental frequencies. 
 
Method 
Participants 
The participants were recruited from the university community on a voluntary basis. 
Each participant gave written consent to participate in the study. Twenty males and 20 females, 
age between 19-33 years (mean = 22.55 years; standard deviation = 2.69), without 
neurological, phonological, psychiatric, speech or swallowing disorders, pregnancy, heart 
diseases or a history of rheumatic fever at the time of testing were recruited. Those with heart 
diseases were excluded because the surface electrical stimulation used in this study might 
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interfere with the functioning of cardiac demand pacemakers.  
Participants were randomly assigned into two groups with balanced genders: 15 males 
and 15 females were randomly assigned into the stimulation groups while 5 males and 5 
females were assigned into the placebo control groups. They were blind to which groups they 
were in and the effects of surface electrical stimulation. Both groups went through the same 
procedures described below, except for the control group, stimulation intensity remained at 
zero throughout the whole process while the electrodes were kept on the participants. 
Procedures 
The measurements of voice in this study required heavy use of vocal folds because the 
participants were pushed to produce their highest attainable pitches and maximum phonation 
time (MPT). In order to compensate for the fatigue effect of the participants due to repeated 
phonation, each participant was reminded to drink water every 5 minutes throughout the 
1-hour procedure of data measurements and stimulation period. 
Screening  
All participants were required to pass two screening procedures, voice and maximum 
phonation time (MPT). For voice screening, the participants were interviewed about his/her 
voice quality and voice problems. Then they were required to read out a sentence and the 
production was recorded by Kay’s Computerized Speech Lab (CSL). The voice quality was 
judged perceptually by one examiner. Only participants without voice problems as reported 
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by the examiner and the subject himself/herself proceeded further with the study. For MPT 
screening, the participants were asked to phonate a vowel production /a/ and the phonation 
time was recorded by CSL. Only participants with a MPT more than 8 seconds proceeded in 
the study because in the later measurements and analysis of phonating fundamental 
frequencies, at least 8-second MPT periods were needed to compare the changes in 
fundamental frequencies with and without stimulation.  
Pre-stimulation measurements  
Before stimulation was applied, MPT while phonating the vowel /a/ was recorded and 
measured by CSL. Three trials of MPT were measured for each subject and the highest value 
of these measurements was taken as the final value. Highest attainable pitch was also obtained 
using phonetogram. Each participant was instructed to produce his/her highest pitch limits 
until he/she failed five consecutive trials in achieving a higher pitch. 
Measurements at stimulation 
CEFAR REHAB 2 PRO® electrodes and two-channel stimulator with an on-off period of 
4:4 were used for the study. An on-off period of 4:4 was used so that stimulation could be 
applied at the 4th second of phonating participants to create two steady 4-second phonating 
periods with and without stimulation during measurements of fundamental frequencies. The 
skin of the neck regions was cleaned with alcohol tissues to increase the adherence of the 
electrodes on the skin. A pair of bipolar adult-sized electrodes (25mm in diameter) was placed 
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on the skin over the laryngeal regions (15mm from either side of the laryngeal prominence 
over the thyroid cartilage) of each subject (Fig. 1). Electrodes were only placed at the 
laryngeal regions because Humbert et al. (2006) found that electrode placements in the 
submental regions (regions above hyoid bone) could not cause significant hyoid descent. 
Adhesive tapes were fitted over the electrodes to maintain good contact of the electrodes and 
the skin.  
Each participant was then allowed to familiarize with the device and the stimulation 
intensity was then gradually increased in a 0.5mA fashion. The maximum tolerance levels was 
found for the pair of the electrodes by gradually increasing the stimulation levels until the 
participants report discomfort on further increase. This intensity level was recorded as the 
maximum tolerance level of each participant.  
 
Fig. 1. Schematic showing placement of the surface electrodes over the 
thyrohyoid muscle medial to the sternocleidomastoid muscle. 
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When the maximum tolerance level was found, the stimulation was paused momentarily. 
Then each participant was asked to phonate the vowel /a/ for at least 10 seconds. 
Pre-programmed electrical stimulation with an on-off period of 4:4 at maximum tolerance 
levels was applied at the fourth second of the phonation of /a/ by the stimulation machine so 
that a 3-second steady period without stimulation and a 3-second steady period with 
stimulation were recorded for analysis. The changes in fundamental frequencies during this 
10-second phonation time intervals were recorded and analyzed by CSL. The stimulation 
stayed on continuous for 30 minutes for each participant. The clinician monitored the 
‘worn-out’ effect of the stimulation by asking the subjects to report on the sensation of the 
strength of the stimulation every 5 minutes. The stimulation levels were increased by 0.5mA 
if the subjects reported decreased sensation.  
Post-stimulation measurements 
After 30 minutes of stimulation, MPT and highest attainable pitch were obtained again 
by CSL and phonetogram respectively using the same procedures during pre-stimulation 
measurements.  
 
Data and statistical analysis 
 To answer the first objective of the present study, the changes in the voice measurements 
of highest attainable pitch and MPT were calculated by subtraction of the post- and pre- 
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measurements of highest attainable pitch and MPT. The changes in highest attainable pitch 
and MPT were compared across the placebo control groups and the stimulation groups 
respectively for male and female groups.  
To answer the second objective, the measurements taken during the 10-second phonation 
time were used. Two 3-second steady phonation time periods, with and without stimulation, 
were selected and analyzed to give rise to two mean fundamental frequencies using CSL: 
mean fundamental frequency during the period without stimulation (fo1) and the mean 
fundamental frequencies during the period with stimulation (fo2). The changes in mean 
fundamental frequencies in the 10-second phonation time period were then calculated by 
subtraction of the two mean fundamental frequencies (fo2 – fo1). The changes in mean 
fundamental frequencies were compared across placebo control groups and stimulation 
groups respectively for male and female groups. 
Two Mann-Whitney U tests were used to analyze the group differences between the 
control groups and the stimulation groups for male and female participants respectively for all 
the three measurements, MPT, highest attainable pitch, fundamental frequencies. A 
Bonferroni-corrected p value of 0.05/6 = 0.0083 was used as the statistical significance level 
because 3 Mann-Whitney U tests were done for each gender group to find the 
control-and-stimulation group difference in MPT, highest attainable pitch and fundamental 
frequencies. Since there were two sexes, altogether 6 Mann-Whitney U tests were done. 
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Results 
 Forty volunteers consented to participate and all of them completed the study (Table 1). 
The mean maximum tolerance stimulation level across the entire group was 8.86 mA (SD = 
4.55). The mean maximum tolerance levels of men (mean = 10.35 mA) was higher than that 
of women (mean = 7.38 mA), which agreed with the finding by Humbert, et al. (2006). 
 
Table 1. Age and stimulation levels for entire group and sub-groups based on sex. 
  age Stimulation level 
Group N (M)  (range)  (SD) (M, mA)  (range)  (SD) 
All  40 22.55 19-33 2.69 8.86 3.5-19 4.55 
Men  20 22 19-24 1.45 10.35 4.5-18 4.62 
Women  20 23.1 19-33 3.48 7.38 3.5-19 4.06 
N=no. of participants; M=mean; SD=standard deviation; mA=milliamperes 
 
 The first objective of the study was to find out the changes in two voice acoustic 
measurements, including MPT and highest attainable pitch, before and after surface electrical 
stimulation at maximum tolerance levels was applied. The descriptive statistics of these two 
measurements for the placebo control groups and the stimulation groups were summarized in 
Tables 2 and 3. 
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Table 2. Mean, standard deviation and range of MPT taken before and after surface electrical stimulation for different groups. 
Group N Mean (s) SD Minimum (s) Maximum (s) 
Pre-stimulation 
MPT 
Stimulation Female 15 19.48 4.08 13.00 30.34 
 Male 15 26.96 10.92 11.66 48.45 
control Female 5 23.10 7.20 16.89 35.14 
 Male 5 30.58 8.28 21.33 39.96 
Post-stimulation 
MPT 
Stimulation Female 15 20.72 7.35 11.96 37.55 
 Male  15 28.48 11.06 14.27 51.14 
control Female 5 25.32 11.33 13.35 42.66 
 male 5 32.51 7.09 23.34 42.27 
N=no. of participants; SD=standard deviation; s=seconds 
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 Table 3. Mean, standard deviation and range of highest attainable frequencies taken before and after stimulation for different groups. 
Group N mean (Hz) SD Minimum (Hz) Maximum (Hz) 
Pre-stimulation  
highest frequency 
Stimulation Female 15 1621.03 335.01 1174.70 2349.30 
 Male 15 1024.13 260.65 440.00 1760.00 
control Female 5 1586.36 407.77 880.00 1864.70 
 Male 5 1226.84 372.89 932.30 1864.70 
Post-stimulation 
Highest frequency 
Stimulation Female 15 1732.77 438.13 1244.50 2793.80 
 Male 15 1042.95 161.59 659.30 1396.90 
control Female 5 1643.60 440.47 932.30 2093.00 
 Male 5 1276.92 416.07 932.30 1975.50 
N=no. of participants; SD=standard deviation; Hz=Hertz 
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 The calculated changes in highest attainable pitch and MPT were compared across placebo 
control groups and stimulation groups respectively for male and female groups and the results 
were summarized in Table 4. No significant difference was found across the placebo control 
groups and the stimulation groups for both male and female groups in the two measurements. 
 
Table 4. Results of Mann Whitney U tests for highest attainable pitch and MPT across placebo 
control groups and the stimulation groups for male and female participants. 
Groups Highest-frequency MPT 
Males U=31.00; p=0.57 U=31.00; p=0.57 
Females  U=35.50; p=0.85 U=28.00; p=0.41 
U=Mann Whitney U values; p=probability value 
 
The second objective of the study was to find out the effects of surface electrical 
stimulation on phonating voice, mainly fundamental frequencies. The descriptive statistics of the 
fundamental frequencies with and without stimulation were summarized in Table 5. The 
calculated changes in mean fundamental frequencies during phonation were compared across 
placebo control groups and stimulation groups respectively for male and female groups. No 
significant difference was found across the placebo control groups and the stimulation groups 
for both male and female groups (Table 6). 
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Table 5. Mean, standard deviation and range of mean fundamental frequencies with and without stimulation for different groups. 
Group N Mean (Hz) SD Minimum (Hz) Maximum (Hz) 
fo without  
stimulation 
Stimulation Female 15 297.55 30.70 242.92 381.63 
 Male 15 165.18 34.79 121.01 257.34 
control Female 5 298.97 49.37 252.17 376.71 
 Male 5 143.37 26.49 115.05 179.38 
fo with  
stimulation 
Stimulation Female 15 293.43 30.98 240.00 379.28 
 Male 15 160.87 32.80 120.09 243.57 
control Female 5 293.85 50.58 244.76 373.63 
 Male 5 141.64 29.44 106.02 179.82 
fo=fundamental frequencies; N=no. of participants; SD=standard deviation; Hz=Hertz 
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Table 6. Results of Mann Whitney U tests for mean fundamental frequencies across placebo 
control groups and the stimulation groups for male and female participants. 
Groups Mean fundamental frequencies 
Males U=21.00; p=0.15 
Females U=23.00; p=0.21 
U=Mann Whitney U values; p=probability value 
 
Discussion 
 This study investigated 1) the changes in two voice acoustic measurements, including MPT 
and highest attainable pitch, before and after surface electrical stimulation was applied; 2) the 
effects of surface electrical stimulation on phonating voice, mainly fundamental frequencies. No 
significant difference across stimulation groups and placebo control groups was found in all 
three measurements for both male and female participants (Table 4 and Table 6). 
 From the results of LaGorio, Carnaby-Mann and Crary (2008), it was hypothesized that the 
MPT and highest attainable pitch would increase after surface electrical stimulation was applied 
to non-dysphonic participants, in response to improved laryngeal function and increased vocal 
fold tension. The results of the present study did not support the findings that surface electrical 
stimulation improved MPT and highest attainable pitch. In the study of LaGorio, et al (2008), 
the participants received a dysphagia therapy included effortful swallowing training and surface 
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electrical stimulation over the larynx. As proposed by the authors, the improvement in voice 
characteristics might be caused by either or both of these two treatment components. The results 
of the present study supported the view of the authors in the sense that the improvement in voice 
characteristics, MPT and highest attainable pitch, was not solely the cause of surface electrical 
stimulation. The findings in the present study pointed out that the effects of surface electrical 
stimulation were minimum or not significant when it was implemented alone without effortful 
swallowing training. 
Moreover, as reported by Humbert, et al (2008), surface electrical stimulation was only 
likely to activate the more superficial omohyoid, sternohyoid and sternothyroid muscles. All 
these muscles pull the hyoid or the larynx downward. It was unlikely for the stimulation to reach 
and stimulate the deeper thyrohyoid muscle which elevates the larynx. For the same reason, the 
muscles controlling tension, length and mass of the vocal folds, e.g. cricothyroid and 
thyrovocalis muscles, were not likely to be stimulated. To sum, the stimulation could not reach 
the laryngeal muscles controlling the medial compression and lengthening of vocal folds, and 
hence, it could not improve the efficiency of these muscles in performing the tasks of MPT and 
highest attainable pitch after the stimulation. As a result, the MPT and highest attainable pitch 
was not likely to be improved after surface electrical stimulation.  
From the descriptive statistics of MPT (Table 2) and highest attainable pitch (Table 3), 
there were improvements between pre- and post- measurements within subjects mean although 
the differences were not statistically significant across groups (Table 4). Practice effect, placebo 
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effect and fatigue effect were found to be the reasons causing differences between pre- and 
post-measurements within subjects in both the control groups and the stimulation groups. For 
practice effect, the participants in both the control and the stimulation groups familiarized with 
the procedures of MPT and performed better in post stimulation measurements (Lewis, Casteel, 
& McMahon, 1982, p.4 as cited in Speyer, et al, 2008). It was likely due to better control of the 
breathing system and the vocal fold tension, which resulted in longer MPT (Seikel, King, & 
Drumright, 2005). Most of the measurements of pre-stimulation highest attainable pitch were 
taken in the morning when the participants did not have enough warm-up for their vocal use. 
Upon practice, most of the participants, including the stimulation and the control groups, 
performed better in the post-stimulation measurements. 
 Placebo effect was also observed in the control group. The means of MPT and highest 
attainable pitch increased for both male and female control groups after stimulation although no 
stimulation was applied (but the electrodes stayed on the skin of the participants). More than 
half of the control group participants reported tangling sensations even when no stimulation was 
applied. Some participants even reported fatigue of neck muscles after all the procedures. All of 
these reports from the control group participants and the improved MPT and highest attainable 
pitch after stimulation were indicative of placebo effect. 
 Due to the practice and placebo effects mentioned above, the means of MPT and highest 
attainable pitch improved after stimulation but these increases were not statically significant 
across groups, i.e. the surface electrical stimulation had no statistical significant impact on voice 
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characteristics, MPT and highest attainable pitch. 
 Some participants had shorter MPT and lower highest attainable pitch after stimulation. 
Fatigue effect was hypothesized to be the reason (Shanks, & Mast, 1977, p.4 as cited in Speyer, 
et al, 2008). Achieving highest attainable pitch demanded vocal use heavily. Abuse and misuse 
of the vocal folds were commonly observed during the procedure. A number of participants 
reported slight pain in the throat and discomfort in using the voice further after the 
measurements of highest attainable pitch. Because of the heavy use of vocal folds, a number of 
participants could not achieve his/her optimal levels in highest attainable pitch and MPT in 
post-stimulation measurements. 
 From the studies of Ludlow et al. (2006) and Humbert, et al. (2006), it was hypothesized 
that the mean fundamental frequencies of the phonating participants would decrease when 
surface electrical stimulation was applied over the laryngeal regions (regions below the hyoid 
bone). The present study found no statistical significance between the mean fundamental 
frequencies without stimulation and the mean fundamental frequencies with stimulation. As 
reported by Humbert, et al (2008), surface electrical stimulation was likely to activate the more 
superficial omohyoid, sternohyoid and sternothyroid muscles but was unlikely to stimulate 
deeper thyrohyoid muscle. As a result, the larynx of the participants would be pulls down. These 
downward movements of larynx when stimulation was on were both observed by the 
investigator and reported by the participants. However, no statistical significant difference in 
mean fundamental frequencies was found across stimulation groups and control groups, i.e. 
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surface electrical stimulation could not cause significant change in mean fundamental 
frequencies during phonation. It was explained that although the thyroid cartilage would be 
pulled up and distanced from the cricoid when the hyoid bone was pulled downward by 
omohyoid and sternohyoid muscles (Seikel, King, & Drumright, 2005), the upward movements 
of the thyroid was not sufficient to cause shortening of the vocal folds that leaded to a 
significant decrease in the fundamental frequencies of voice. Moreover, the deeper muscles 
controlling vocal folds relaxation, e.g. thyromuscularis muscles, were not likely to be stimulated 
by the surface electrical stimulation to achieve vocal fold relaxation, so as reduction in mean 
fundamental frequencies. 
 The mean fundamental frequencies with stimulation were lower than the mean fundamental 
frequencies without stimulation within the control and stimulation groups although the 
difference across groups was not statistically significant (Table 5). The mean fundamental 
frequencies reduced when stimulation was applied because the participants had less breath 
support during the end of the 10-second phonation period, resulting in a lower subglottal 
pressure which could only support lower fundamental frequencies. 
 Although the present study could not prove the effects of surface electrical stimulation on 
voice production in non-dysphonic adults, the voice parameters measured in this study were 
limited. Only MPT, highest attainable pitch, mean fundamental frequencies were measured and 
analyzed. Other voice parameters, e.g. loudness, can be incorporated in further studies finding 
the effects of surface electrical stimulation on voice production. Moreover, the present study 
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only used one set of electrode placement which was found to cause the greatest motoric effects 
in hyoid bone as reported in Humbert et al. (2006). The effects of stimulation with other 
electrode placements on voice production were not investigated. Further study can examine the 
possible differences between different electrode placements on voice production. One more 
limitation of the present study was that only non-dysphonic adults were recruited to participate. 
It will be valuable for further study to investigate the effects of surface electrical stimulation on 
the voice production of dysphonic patients. 
 Although there were limitations in the present study, the results in this study may be helpful 
in developing a better understanding of the effects of surface electrical stimulation on voice 
production. This may pose the chance of expanding the use of surface electrical stimulation to 
other treatment areas, e.g. voice, apart from dysphagia. 
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Appendix – consent form 
An Informed Consent Form for Adult 
[Effects of surface electrical stimulation at neck regions on voice] 
 
You are invited to participate in a research study conducted by a Year Four student, Chan Wai 
Yan in the Department of Speech and Hearing Sciences at the University of Hong Kong. 
PURPOSE OF THE STUDY 
This study examines the effects of surface electrical stimulation on voice, mainly pitch and 
phonation time. 
PROCEDURES 
You will be invited to receive a 30-minute surface electrical stimulation (the VitalStim®) at the 
neck regions in the Voice Lab of Speech & Hearing Division at the Prince Philip Dental 
Hospital. You will be required to produce some vowel sounds before, during and after the 
stimulation while we will measure your pitch and maximum phonation time using voice devices. 
You may be audiotaped during the procedure. Altogether, the testing will take on average 60 
minutes.  
POTENTIAL RISKS / DISCOMFORTS AND THEIR MINIMIZATION 
You may experience some mild fatigue and skin irritation during the procedure. Such fatigue 
and/or irritation will be kept to a minimum because the tasks are self-paced and you are free to 
take short breaks. 
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COMPENSATION FOR PARTICIPATION 
You will receive a small gift for your participation. 
POTENTIAL BENEFITS 
There are no direct benefits to you. However, the research project can provide valuable 
information on the effects of surface electrical stimulation on voice. This information in turn 
could help inform future treatment of voice disorders. 
CONFIDENTIALITY 
Any information obtained in this study will remain very strictly confidential, will be known to 
no-one, and will be used for research purposes only. Codes, not names, are used on all test 
instruments to protect confidentiality. You can review the audio-recording of the procedure. We 
will erase the entire audiotape or parts of it if you want us to do so. 
PARTICIPATION AND WITHDRAWAL 
Your participation is voluntary. This means that you can choose to stop at any time without 
negative consequences. You will be free to withdraw from the project at any time and to 
withdraw any unprocessed data previously supplied. 
STORAGE OF DATA 
For research purposes, your participation will be audio-taped for further data checking. The 
record will be disposed of 5 years after publication of the relevant research results.   
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QUESTIONS AND CONCERNS 
If you have any questions or concerns about the research, please feel free to contact the Year 4 
student, Chan Wai Yan by phone at 94943350 or by email jessica_chanwy@yahoo.com.hk. If 
you have questions about your rights as a research participant, contact the Human Research 
Ethics Committee for Non-Clinical Faculties, HKU (2241-5267). 
SIGNATURE 
I _________________________________ (Name of Participant) understand the procedures 
described above and agree to participate in this study. 
             (Signature of Participant / Date) 
 
